Birds are capable of high level cognition even though their telencephalon is organized into nuclear groups rather than a six-layered cortex as in the mammalian brain. New data show that, despite their different macroscale organization, the circuitries of avian and mammalian telencephalon are fundamentally similar and may therefore carry out equivalent computations.
The crowning glory of the human brain is our cortex: a massive folded sheet (typically 2-3 mm thick) with sharp depressions (sulci) that separate prominent ridges (gyri) that completely cover the rest of the brain. The neurons within the mammalian cortex are organized into six layers, each of which contains highly specialized neuron types, receives different inputs and then sends its outputs to different targets. Sensory inputs from the thalamus, for example for vision, audition or touch, end mainly on excitatory cells in layer 4 (L4), while layers five (L5) and six (L6) contain excitatory neurons that send output back to lower brain centers that can, for example, directly control movement. Cortical layers 2 and 3 (L2/L3) and, to a lesser extent L5, contain excitatory neurons, the output of which remains confined to the telencephalon -either the cortex or basal ganglia. A key cell type within cortex is the excitatory pyramidal cell, the dendrites of which can span different layers. One much-studied type of pyramidal cell has its soma and basal dendrites in L5, where they receive feedforward input, and a long apical dendrite that extends to L1 and can receive feedback input from other parts of cortex. The basal and apical dendrites have distinct biophysical properties and their complex nonlinear interactions determine the patterning of the pyramidal cell's action potential outputs. Experimental and theoretical studies have emphasized the importance of interacting feedforward and feedback inputs to pyramidal cells as contributing to cognitive functions.
All mammals have a cortex and the 'intelligence' of a mammalian species tends to be correlated to the size and differentiation of its cortex. The natural conclusion is that sophisticated cognition depends on the extent and differentiation of the intricate cortical neural networks. In contrast, the equivalent highest level of the bird brain, the dorsal telencephalon, is not layered but rather organized into clusters of neurons (nuclei); layerspanning pyramidal cells with highly differentiated dendrites have not been found. The natural conclusion reached by early comparative neurobiologists was that birds were lacking the morphological substrates required for advanced cognitive function. This conclusion is no longer tenable. Even birds that are not notably intelligent, such as pigeons, can learn to group patterned visual stimuli into distinct categories [1] , while song birds can learn to discriminate acoustic patterns constructed to be as complex as those of human language [2] . Members of the crow family are especially clever: their short-term memory capacity rivals that of primates [3] and their capacious longterm memory enables planning for future actions and gauging the intentions of rivals [4] .
What, then, is the evolutionary relationship between the nuclei within the avian dorsal telencephalon and the mammalian cortex? The paper by Briscoe et al. [5] in this issue of Current Biology provides a decisive answer to this question. These authors conclude that neural circuitry within the bird dorsal telencephalon is fundamentally similar to that of cortex; this implies that bird and mammalian intelligence may be based on the same core circuits.
The new study by Briscoe et al. [5] builds on the prior work of Harvey Karten and colleagues [6, 7] . Karten and colleagues analysed the connectivity of the motor output from, and sensory input to, the bird dorsal telencephalon. The remarkable conclusion of these studies was that connectivity of cells within specific nuclei of the bird dorsal telencephalon were comparable to that of cells within specific layers of cortex: for example, excitatory cells within one nucleus, the arcopallium, had equivalent connectivities to the L5 cells that project to lower brain centers, while the cells within other nuclei, such as the entopallium and Field L, had connectivities equivalent to the cortical L4 cells.
These studies led to Karten's cell-type homology hypothesis: that specific neurons in the dorsal telencephalon of birds and mammals are homologous as is the patterning of their interconnectivity. The earlier work of Karten and colleagues, and of other investigators, was strictly based on patterns of connectivity of neurons in bird dorsal telencephalon: their sensory input from thalamus, their output to lower brain centers and their local circuit connectivity. While this evidence was certainly strong, it could still have been argued that the similarities between connectivity patterns in bird dorsal telencephalon and mammalian cortex were due to convergent evolution rather than descent from a common ancestor (that is, true evolutionary homology).
A critical paper from the Ragsdale lab [8] provided support for the strongest form of the Karten hypothesis. These authors demonstrated that the output region of the bird dorsal telencephalon, the arcopallium, expressed avian homologs of those genes whose expression identifies the output L5 neurons of mammalian cortex. Similarly, the sensory input regions of bird dorsal telencephalon, for example the entopallium and Field L, expressed the same genes that are diagnostic for cells within the input layer (L4) of cortex. There still remained, however, a major problem with the Karten cell and circuit homology hypothesis: it did not extend to the very numerous excitatory cortical neurons whose connections are entirely within telencephalon itself, those that do not receive sensory input or have outputs to lower brain centers. These neurons are found mainly in L2/3 and, to a lesser extent, in L5/6. Are there equivalent, perhaps homologous, neurons in the bird dorsal telencephalon?
The bird dorsal telencephalon contains a large territory, the mesopallium, that, by its connectivity, is neither an input (sensory) nor output (motor) region. Intriguingly, the mesopallium is reciprocally connected to sensory regions, such as Field L [9] , and also links the sensory input and motor output regions, such as the arcopallium [9] . However, the precise evolutionary relationship of mesopallial neurons to cortical neurons (if any) has remained controversial. Briscoe et al. [5] developed an elegant method to address this question.
Briscoe et al. [5] used RNA sequencing (RNAseq) to first reveal the mRNA transcripts that are most highly expressed in chicken mesopallium. But which of these transcripts are not, or only weakly, expressed in the output (arcopallium) and input (entopallium) regions? The authors found 78 transcripts that are selectively enriched in the mesopallium. They reasoned that genes encoding transcription factors might be most important for specifying neural circuitry and therefore most likely to show conservation across species. They therefore selected, from the full set of mesopallial marker genes, five encoding transcription factors for a deeper analysis. In situ hybridization then confirmed that these transcription factor genes are strongly and specifically expressed in mesopallium, but not in arcopallium or entopallium. Very importantly, at least two of the transcription factor genes, SatB2 and BCl11a, are co-expressed in mesopallial cells and, furthermore, BCl11a is co-expressed with a marker for glutamatergic (excitatory) cells but not with a marker for inhibitory (GABAergic) cells. These experiments established that the mesopallium is a unitary region in regards to gene expression and that the identified cells are excitatory neurons that make intratelencephalic synaptic connections.
Exactly the same pattern of expression was then identified in the dorsal telencephalon of a distantly related species of bird (starling) and even in the dorsal telencephalon of an alligator. The most exciting discovery was that these mesopallial-specific transcription factor genes are also expressed in L2/3 cells of mammalian cortex and in the intratelencephalic neurons of L5/6; they are not expressed in L4 or the L5/6 cells projecting to brainstem. A very convincing parallel is that co-expression of Satb2 and Bcl11a has been shown to be required for the specification of intratelencephalic neurons in mouse cortex. The Karten cell/ circuit homology hypothesis was now not only validated but greatly extended -the dorsal telencephalon of birds and reptiles contains intratelencephalic neurons homologous to those of mammals. This implies that the common ancestor of all amniotes already had similar core dorsal telencephalon circuitry that interconnects input, output and intratelencephalic cells. It must be noted that the story is not yet complete. The analysis described above did not yield clear results when applied to nidopallium, a second major territory in the bird dorsal telencephalon -there are clearly still mysteries when it comes to the evolution of dorsal telencephalon in birds versus mammals.
The paper by Briscoe et al. [5] has far broader implications with respect to the necessity of the highly specialized pyramidal cells in the computations performed by cortex. For example, a recent study [10] has shown that perception of tactile stimuli requires feedback to the apical dendrites of cortical pyramidal cells. An even bolder proposal is that feedback to the apical dendrites can implement a key algorithm that makes deep learning networks so powerful: backpropagation of error to solve the credit assignment problem [11] . Avian cognition encompasses perception and learning processes entirely comparable to those of mammals, yet the bird dorsal telencephalon lacks pyramidal cells with differentiated apical dendrites. A comparative approach to how dorsal telencephalon versus cortex carries out equivalent tasks, such as working memory [12] , may be well suited to reveal the core computations for cognition. Extending this line of research to even 'simpler' vertebrates (fish) may also prove valuable [13, 14] .
Finally, it is fascinating to think about how the relatively simple dorsal telencephalon of an ancestral reptile might have evolved into both the elaborate non-laminar dorsal telencephalon of birds and the layered cortex of mammals. A hint can be found in a recent report: Wagner [15] , using in silico experiments, demonstrated that single control mechanisms within a gene regulatory network can be altered without markedly changing the organism's phenotype and viability. A sequence of such alterations can lead to large changes in the overall network that yet preserves its essential regulatory function. Following Wagner's reasoning, it may be possible that such genetic 'exploration' can lead from the simple dorsal telencephalon of an ancestral reptile to the elaborate but morphologically different dorsal telencephalons of birds and mammals, with conservation of the core computations that underlie the same cognitive tasks [16, 17] .
A new study uncovers the role of wall sensing and remodeling in the plant response to salt stress, identifying the FERONIA receptor kinase as a key player in that process, likely through direct sensing of cell wall pectins.
Although not as visible as CO 2 in the mainstream media, salt (sodium chloride) is becoming another marker of how humanity is rapidly changing the environment in the Anthropocene. Rising sea levels increase ground water salination in many islands (e.g., Kiribati), and replacement of deep-rooted native plants by annual pasture crops is changing the hydrogeological cycles in Australia and elsewhere, resulting in dryland salinity. Needless to say, salty soils are toxic for plants -when inside the cell, sodium and chloride ions are believed to affect numerous enzyme activities, and thus globally affect plant metabolism [1] .
Plants can respond to such threats. They actively reduce their growth in salt stress conditions, notably through an integrative hormonal pathway involving gibberellins, abscissic acid and ethylene [2] . Genetic screening for mutant plants hypersensitive to salt stress also identified detoxifying strategies. In
